
STOP 



Early Journal Content on JSTOR, Free to Anyone in the World 

This article is one of nearly 500,000 scholarly works digitized and made freely available to everyone in 
the world byJSTOR. 

Known as the Early Journal Content, this set of works include research articles, news, letters, and other 
writings published in more than 200 of the oldest leading academic journals. The works date from the 
mid-seventeenth to the early twentieth centuries. 

We encourage people to read and share the Early Journal Content openly and to tell others that this 
resource exists. People may post this content online or redistribute in any way for non-commercial 
purposes. 

Read more about Early Journal Content at http://about.istor.org/participate-istor/individuals/early- 
journal-content . 



JSTOR is a digital library of academic journals, books, and primary source objects. JSTOR helps people 
discover, use, and build upon a wide range of content through a powerful research and teaching 
platform, and preserves this content for future generations. JSTOR is part of ITHAKA, a not-for-profit 
organization that also includes Ithaka S+R and Portico. For more information about JSTOR, please 
contact support@jstor.org. 



74 THEORY of 

peded operation. If the fame thing fhould be attempted 
with this vafe ftove, it will be well for the buyer to ex- 
amine thoroughly fuch pretended improvements, left, be- 
ing the mere produdions of ignorance, they diminifh or 
defeat the advantages of the machine, and produce incon- 
venience and difappointment. 

The method of burning fmoke, by obliging it to defcend 
through hot coals, may be of great ufc in heating the 
walls of a hot-houfe. In the common way, the horizon- 
tal paflages or flues that are made to go and return in thofe 
walls, lofe a great deal of their effci^ when they come to 
be foul with foot ; for a thick blanket-like lining of foot 
prevents much of the hot air from touching and heating 
the brick work in its pafTage, fo that more fire muft be 
made as the flue grows fouler : But by burning the fmoke 
they are kept always clean. The fame method may alfo 
be of great advantage to thofe bufmefles in which large 
coppers or caldrons are to be heated.. 

Written at Seat 1785. 
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ji Theory of Lightening and Thunder Storms., by Andrew 
Oliver, Efq. of Salem in the State of MaJ'achufetts. 

I^^^ltm" T ^ ^^^ hcen generally^ and, confidering the phe- 
A nomena themfelves, very naturally fuppofed, 
that the electric charges, which are exhibited in repeated 
flaihes of lightening during a thunder ftorm, are previoufly 
accumulated in the vapors which conftitute the cloud ; and 
that thefe vapors, when by any means they become either 
over-charged with,ele<3;ric matter, or are deprived of their 

natural 
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natural quantities of it*, difcharge their furplufage to, or 
receive the neceffary fupplies from, either the earth or the 
neighbouring clouds, in fucceflive explofions, till an equi- 
librium is reftored between them. But 1 fliall endeavour 
in the follovs^ing pages to prove, that thefe charges refide, 
not in the cloud or vapors of which it confifts, but in the 
air which fuftains them ; and that, previous to the for- 
mation of the cloud, or even the afcent of the vapors 
of which it is formed. But, in order to convey my ideas 
upon this fubje£t with perfpicuity, I find it neceffary to 
introduce them with a quotation from doctor Franklin''^ 
letters on electricity, in which the dodtor compares water, 
whether in its natural ftate, or rarefied into vapors, to a 
fponge ; and the ele£lric fluid, in conne(9;ion with it, to 
water applied to the fponge. 

" When a fponge (fays he) is fomewhat condenfed by 
*' being fqueezed between the fingers, it will not receive 
*' and retain fo much water as when it is in its more loofe 
** and open ftate. If more fqueezed and condenfed, fome 
** of the water will come out of its inner parts, and flow 
*' on the furface. If the preffure of the fingers be intire- 
*' ly removed, the fponge will not only refume what was 
*' lately forced out, but attract an additional quantity. As 
*' the fponge in its rarer ftate will naturally attract and 
*' abforb more water ; and in its denfer ftate will naturally 
*' attract and abforb lefs water ; we may call the quantity 
*' it abforbs in either ftate, its natural quantity., the ftate 
" being confidered." 

The dodtor then fuppofes, " that what the fponge is to 
*' water, the fame is water to the eledric fluid ; — that 
*' when a portion of water is in its common denfe ftate, 
" it can hold no more ele£lric fluid than it has ; if any be 
" added it fpreads upon the furface." He adds, " when 
*' the fame portion of water is rarefied into vapor and forms 

K 2 "a cloud, 

* A body is faid to be eleSrically charged, whenever it has either imre or le/s than its na- 
tural quantity of ele<5'u'ic matter. 
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" a cloud, it is then capable of receiving and abforbing a 
'* much greater quantity, as there is room for each parti- 
" cle to have an electric atmofphere. Thus water in its 
" rarefied ftate, or in the form of a cloud, will be in a 
" negative ftate of eledricity ; it will have lefs than its 
" natural quantity, that is, lefs than it is naturally capable 
" of attrading and abforbing in that ftate*." 

The foregoing paflages I have copied 'verbatim from 
that celebrated electrician, as I purpofe in the courfeof this 
eflay to avail myfelf of his idea of the fponge, in order to 
illuftrate a diff^erent theory of thunder clouds, which I now 
beg leave, though with diffidence of my own judgment, 
and with all due deference to that of fo great a man, to 
fubftitute in the room of the foregoing ; which I muft con— 
fefs at firft fight carries great appearance of probability 
with it, and is highly corroborated by the curious and 
beautiful experiment the do£tor made with the filver cann, 
brafs chain, and lock of cottonf. 

But in reading dodtor Priejiley^& hiftory of ele(3:ricity, 
fome thoughts of fignior Beccaria occurredL, which fatisfi- 
ed me that this hypothefis, however ingenious and plau- 
fible, was infufficient for the purpofe of accounting for the 
rife and phenomena of thunder ftorms, the frequent ex- 
tent and violence of which feem to require a more general 
caufe than that hinted above, to fupply them with fufficient 
quantities of eledric matter. 

" Confidering the vaft quantity of ele£lric fire that ap- 
" pears in the moft fimple thunder ftorms (fays dodtor, 
" PrieftlyJ) fignior Beccaria thinks it impoflible that any 
♦' cloud, or number of clouds, fhould ever contain it all, 
" fo as either to difcharge or receive it. Befidea, during 
" the pcogrefs and increafe of the ftorm, though the light- 
♦' ening frequently ftruck to the earth, the fame clouds 

" were 



* Franklin's Letters, page 119. 

f Page III. 

I Prieftley's Hiftory of Elet^icity, page jaji 
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" were the next moment ready to make a ftill greater dif- 
" charge, and his apparatus continued to be as much af- 
" fe£ted as ever. The clouds muft confequently have re- 
" ceived at one place the moment that a difcharge was 
" made from them in another." 

Signior Beccaria accounts for this vaft exhibition of 
eledric fire from a thunder cloud, by fuppofmg that fome 
parts of the earth may become more highly charged with 
the eledric fluid than others, and that great quantities of 
it do fometimes rufh out of particular parts, and rife through 
the air into the higher regions of the atmofphere ; other 
parts of the earth becoming cafually deftitute of their na- 
tural quantity of the fluid at the fame time, and ready to 
receive it : That a chain of clouds nearly contiguous, or 
a fmgle cloud extending from one of thefe regions to an- 
other, in an oppofite ftate, might ferve as a conduiSor or 
condudors to reftore the electric equilibrium between them, 
which would equally caufe thunder and lightening in both 
regions, and throughout the intermediate clouds*. Here 
dodor PrieJiley'yxkXj obferves, that " the greateft difEcul- 
" ty attending this theory of the origin of thunder ftorms 
" relates to the colleBion and infiilation of eledric matter 
" within the body of the earth." With regard to the col- 
leBion, the doctor obferves that his author " has nothing 
" particularly to fay :" Nor indeed without a previous in- 
fulation of thofe parts of the earth which may be concern- 
ed in the produdion of the phenomena, can any fuch col- 
leBion take place. Now if we confider that in order to 
have two regions of the earth thus infulated, and of fuffi- 
cient dimenfions, one to fupply, and the other to receive 
the quantities of eledJtric fire difcharged during one thun- 
der ftorm of any extent and continuance, the parts infu- 
lated muft be not fuperficial regions, but muft reach to a 
confiderable depth ; and we muft fuppofe, with dodor 
Prieftley, " that the eledric matter which forms and ani- 
" mates the thunder cloud, iffues from places far below 

« the 

• Ibid. 
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" the furface of the earth, and that it buries itfelf there*." 
But, with deference to the judgment of that unwearied 
friend to fcience, I apprehend that fuch an infulation is 
hardly confiftent with that diftribution of condudors, 
efpecially of water, which provident nature has made 
through all parts of our globe ; the higheft mountains be- 
ing furnifhed with internal fprings and fountains, and 
watered externally by rivulets, which derive their origin 
from condenfing mifts or melting fnows upon their fum- 
mits : While the furface of the earth in general, not ex- 
cepting the moft fandy deferts, affords fupplies of water 
to thofe who will be at the pains of digging for it. If then 
the vapors which conftitute the cloud are, of themfelves, 
incapable of furnifhing fuch quantities of eledtric matter as 
are neceffary for the repeated difcharges in a fevere thun- 
der ftorm, as fignior Beccaria thinks they are, and as feems 
to me indubitable ; and if the infulations of hirge portions 
of the furface or exterior parts of the earth, which are ab- 
folutely neceffary to fupport Beccariah hypothefis, cannot 
take place ; which, how they can in our terraqueous mafs, 
is difficult to conceive, confiftently with the hitherto dif- 
covered properties of the eledric fluid : We muft feek for 
fome other fubftance in nature which may be capable of 
affording thofe reiterated fupplies, of that powerful element 
which are ufually exhibited in a thunder ftorm. This I 
prefume, we lliall find in the atmofphere over our heads ; 
not in the 'vapors which float therein, but in the air itfelf 
which fuftains them. 

Air is by eledricians juftly claffed with eleBric fubftan- 
ces, as it poffeffes the fame general properties in common 
with others of that denomination, particular inftances of 
which may occur in the following pages ; wherein I fhall 
endeavour to prove, 

I. That the elethic capacity of air is leffened by con- 
denfation. 

II. That this capacity is increafed by heat. 

Premifing 

* Priellley, page 335. 
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Premlfing that by air I here intend that fluid in its com- 
mon comprefled ftate with us near the furface of the earth; 
and by its eleSlric capacity^ that ftate of it which difpofes 
it, under any circumftances whatever, " to attra<2:, abforb 
and retain," what doctor Franklin calls its natural quant ity^ 
or the quantity which is natural to it in that ftate. 

I. I fhall endeavour to prove that the eleSiric capacity 
of air is leflened by condenfation. 

That a change of denfity in air produces alfo a change 
in its eledric capacity (as above defined), follows from forae 
experiments of monfieur de Faye and do<Slor Prieftley^ the 
former of whom found, upon repeated trials, that no elec- 
tricity could be excited by the fridlion of a glafs tube in 
which the air was condenfed*. The doflor, repeating the 
experiments with fome variation, found, that when one 
additional atmofphere was forced into the tube, the elec- 
tricity excited by rubbing it was fcarcely difcernable. 
Now, though the efFe£b was a fufpenfion of the operation 
of the excited tube ivithout, the caufe was evidently the 
eondenfed ftate of the air nvithin ; which may be accounted 
for if we confider, that although it is certain from many 
experiments that glafs is abfolutely impermeable to the 
eledtric fluid, infomuch that it cannot force its way through 
a pane of glafs, or the fides of a phial, without breaking 
the glafs, as was the cafe in thofe fpontaneous difcharges 
of feveral of the jars in the eleitrical battery mentioned by 
doftor Priejlley\ ; yet it is as certain, that this impermea- 
bility of the glafs to the fluid itfelf, is no obftrudion to 
the operation of that repellent power upon which the vi- 
fible effedls of this element feem principally to depend; 
which power undeniably ads from one fide of the glafs, 
through the very fubftance of it, upon the fame fluid on 
the other fide, provided there be any other fubftance ort 
that fide capable of receiving it when thus repelled. 

This is the cafe in the Leyden experiment in every form 
in which it can be made; the charge given to one fide o£ 

the 

* Page JO. f Page 489. 
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the glafs, repelling and throwing off an equal quantity of 
the electric fluid from the oppofite furface, through th€ 
non-eledtric coating in contaiS with it; nor can any charge 
be given to either fide without a proportional difcharge 
from the other. In like manner, when an uncoated tube 
is excited by friction, a quantity of the fluid, equal to that 
which is excited and condenfed upon the outer furface, is 
thrown out from the inner, provided there is any fub- 
ftance within in a capacity to receive ^nd abforb it, with- 
out which no excitation can take place. " A glafs tube, 
*' out of which the air is exhaufted, difcovers no figns of 
*' eleftricity outwards*," there being no fubftance within 
capable of receiving and abforbing the fluid from the in- 
ner furface, which though repelled from it inwards dur- 
ing the operation, yet returns to it again inftantly upon a 
ceflation of the action of the rubber without. But upon 
a readmiffion of air the excitation is eafy, and is attended 
with the ufual effeds. Air then, which is the only fub- 
ftance admitted (excepting perhaps a few ftraggling va- 
pors which float in it) receives and abforbs a fufiicient 
quantity of the ele^Slric fluid from the inner furface to per- 
mit an excitation of the tube which contains it. But as 
we have feen that air, when condenfed within, prevents 
the vifible eff*e<3:s of an excitation, equally with a total va- 
cuity, we may adopt the idea of ^oftor Franklin, mutatis 
mutandis-, and conlcude that " what the fponge is to water 
" the fame is air to the eledric fluid :" At leaft that this ca- 
pacity of air if leflened by condenfation in a manner, not 
indeed perfedly fimilar, but, fomewhat analogous to that in 
which the capacity of a fponge to receive and retain water 
is leflened by compreflion. Agreeably to which idea, the 
condenfed air within the tube, having its eledbric capacity 
filled and even crowded with the ele£tric matter, will re- 
<;eive none from the inner furface, which, on the contrary, 
is thereby prevented from being forced out of it, without 

which 

* Prieilley's hiftory of eleflricity, page 550, 
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which none can be forced into or condenfed upon the out- 
er furface, fo as to exhibit any figns of eledtricity; as ob- 
ferved before, 

II. I fhall endeavour to prove that the electric capacity 
of air is increafed by heat. 

This alfo appears probable, at lead, from the above cited 
experiments of dodor Priejiley ; for after the air in his 
tube had had this capacity fo far diminiflied by condenfa- 
tion as not to permit an excitation without, that capacity, 
together with the confequent excitabiUty of the tube, was 
reftored by the adion of heat upon the included air. " Re- 
*' peating my attempts (fays he) to excite the tube above 
*' mentioned, I found that, after very hard rubbing, it be- 
*♦ gan to a6t a little, and that its virtue increafed with the 
*' labour. Thinking it might be the warmth which pro- 
*' duced this effefk, I held the tube to the fire and found 
** that when it was pretty hot, it would adl almoft as well 
" as when it contained no more than its ufual quantity 
"of air*." 

In page ^^^^ dodor Frlejlley tells us that fome of his 
eleftrical friends were of opinion, " that the reafon why 
*' a tube with condenfed air in it cannot be excited isj that 
*' the denfe air within prevents the eledric fluid from be- 
*' ing forced out of the infide of the tube, without which 
*' none can be forced into the outfide ; and that heating 
«' the tube makes the air within lefs eledrical." That is, 
as I conceive their meaning, puts it in a capacity to re- 
ceive and abforb more of the electric fluid than it could 
otherwife do in that condenfed ftate. The do£tor indeed 
queries by way of obje£lion to the foregoing folution, — 
*' How upon this principle can a folid flick of glafs be ex- 
*' cited ?" To which I would anfwer, that poflibly, when 
a folid flick of glafs is excited, &s much of the eledric fluid 
may be drawn out of one fide of it as is thrown into, or con- 
denfed upon the other; if fo, although it may fhew equal 
figns of ele<Stricity on both fides, yet one fide will be in a 

L pofitivc 

* Page 55I' 
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pofitive, the other in a negative ftate ; when it will ex- 
actly refemble the curious ftone called the tourmalin^ by 
fome lapis eleBrtcus^ which do£tor Prtejiley fays * " has 
** always, ai the fame time^ a pofitive and a negative elec- 
" tricity ; one of its fides being in one ftate, and the other 
** in the oppofite ;" which does not depend upon the ex- 
ternal form " of the ftone." But the truth of this foluti- 
on muft be determined by future experiments. 

That the ele£trical ftate of the air is liable to be affected 
by heat, is further evident from a courfe of experiments 
which were made by the abbe Mazeasi with an apparatus 
that was conftrudled folely with a view of determining the 
eleftricity of the atmofphere, anno 1 753 f . With this ap- 
paratus the abbe obferved, that from the 17th of June, when 
he began his experiments, the eledlricity of the air was 
fenfibly felt ^very day^ from fun rife till /even or eight 
o'clock in the evenings when the weather was dry ; but 
that in the drieft nights of that fummer he could difcover 
no figns of electricity in the air, nor till the morning, 
when the fun began to appear above the Horizon, and 
that " they vanifhed again in the evening, about half an 
** hour after fun fet ;" and further, " that the Jlrongeji 
** common electricity of the atmofphere, during the fum- 
" mer, was perceived in the month of July on a very dry 
**^ day, the heavens being very clear, and the fun extreme- 
« ly hot" 

Now, as this eledtricity of the air was fenfible only dur- 
ing day light., no eledtricity being difcoverable therein even 
in the drteji nights^ and as the air exhibited thejirongeft 
figns of eledricity when the fun fhone extremely hot j is 
not the conclufion unavoidable, that heat fomehow affefta 
the eledtrie capacity of air, either enlarging it, and there- 
by difpofmg the air to attract, receive and abforb greater 
quantities of eleCtric matter than it is capable of abforbing 
in its natural ftate ; or fuperadding to its naturnl quantity 
more than it can abforb, and thereby difpofing it to throw 

off 

• Page 899. f Page 34*. 
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ofF tlie redundancy upon any objeds which may be in a 
fituation to receive it ? One or the other feems neceflarily 
to follow, but the former is moft agreeable to do(Slor 
Frie/}Iej/^s experiment of the condenfed air in the tube a- 
bove mentioned, and is perfectly confonant with the ob- 
fervations of dodtor Franklin, Mr. Kinnerjley and others, 
that thunder clouds are generally in the negative ftate of 
electricity*. But more upon this head hereafter. I would 
however obferve here, that many, and perhaps all other 
ele£lric fubftances, even the moft firm and folid, as well 
as air, are liable to have their eledtric capacities thus di'^ 
verfified by heat, more particularly the tourmalin above 
jTientioned. But as, in treating of the properties of this 
Hone, doctor Priejiley has thought it deferving of a diftiniSt 
fe£tion in his ele£lric hiftory, to that I fhall refer the read- 
er for a particular account of them "f; wherein he will find 
a difcovery made by Meffrs Canton and fVilfony that thefe 
properties are not peculiar to the tourmalin, but that many 
gems have a natural difpofition to afford the fame appear- 
ances ; from whence we may conclude as above, by ana- 
logy, that all electric fubftances are, more or lefs, affefted 
in like manner, by the fame caufe. But to return to the 
fubjed. 

If from the foregoing confiderations the reader fiiould 
be fatisfied, that the ele6iric capacity of air, in its con- 
denfed ftate in the lower regions of the atmofphere, is li- 
able to be diminifhed by a further condenfation, and that, 
ceteris paribus, it is increafed by heat et vice verfa ; the 
folution of the phenomena of thunder and lightening, to 
his fatisfadlion, upon electrical principles, will perhaps be 
no difficult tafk. 

For let us conceive a region of the atmofphere, extend- 
ing over a large traCt of country, to be rarefied and heat- 

L 2 ed 

* Epitome of Phil. Tranf. Gent. Mag. Sept. 1773, page 447- Mr. Henley thinks cold 
electrifies the atmofphere pofitively, and thence conjedures that heat eledrifies it negatively. 
His conclufions are founded upon a courfe of experiments. 

t Page 297. 
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ed during a hot fummer's day, not only by the pafTage of 
the fun's diredl rays through it, and by the reflection of 
thofe rays from thefurface of the earth into it; but chiefly, 
by the communication of the heat acquired by that furface 
to it : The eledric capacity of that region of air would be 
increafed, both on account of the heat it undergoes, and 
©f the rarefaction confequent upon that heat : It will then 
have lefs than its natural quantity^ or the quantity it is 
naturally difpofed to receive and abforb in that flate; it will 
eonfequently be, in the language of ele<3;ricians, negatively 
ele(^rifed, or in a craving ftate, requiring and forcing fup- 
plies from all fubftances capable of affording them, pro- 
vided it be itfelf in a condition to receive them. But, 
however craving, it cannot receive thofe fupplies from the 
neighbouring regions of the atmofphere, while thofe re* 
gions feverally remain in the ftate of pure air, even fup- 
pofing the latter to poflTefs more than their natural quanti" 
ties', and thereby as much difpofed to impart, as the for* 
mer is to receive them, without the intervention of non- 
eledric conductors ; and that, owing to the impermeability 
of air, as fuch, to the eleCtric fluid. This I fhall endeavour, 
I. To illuflrate by experiments made with glafs. 2. To 
prove by experiments made upon air itfelf. 

1 . If a pane of glafs be coated on both fides, by the ap- 
plication of plates of tin to them, the glafs may be charged 
in the fame manner as the Leyden phial ; when, after the 
removal of the plates, no difcharge having previoufly 
taken place, both fides of the glafs will remain charged, 
one pofitively, the other negatively ; the former having 
more than its natural quantity^ the latter being proportion- 
ably deficient, and in a craving flate. Thefe flates both 
furfaces will obftinately maintain for a long time : Nor do 
I know of any method of refloring the eleftric equilibrium 
between them, but, either to immerfe the pane in water or 
fome other non-eleCtric fluid, which will do it inftantly, 
and filently j or to reapply the metalline coatings to both 

fides 
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fides as they were placed at firft, with a good condudor 
introduced between them, which will anfwer the fame pur- 
pofe, and be attended with an explofion, or fmart fpark 
and fnap ; or laftly, to place it in a fituation where it may 
be expofed to air replete with moid vapors, where, after 
fome time, the vapors will, by condenfing upon each fide, 
furnifh it with a moifture equivalent to a non-ele<3:ric coat- 
ing, while the vapors which remain in the furrounding 
air will, by continually impinging upon and receding from 
the two furfaces, at length reftore both to their natural 
ftate. 

It is evident from the foregoing experiment, Fir^^ That 
the charges refide in the glafs itfelf, as they remain after 
the coatings are removed. Secondly, That the oppofite fides 
have a very fljong propenfity, one to give, the other to re- 
ceive the fluid, artd thereby to reftore the electric equili- 
brium between themfelves; which is done with violence, 
as obferved above, when they are put in a condition of do- 
ing it by the reapplication ot the metalline coatings, with 
a conductor between them, and Lajlly^ That notwithftand*- 
ing the violent propenfity in the fides of the glafs, to re- 
ftore themfelves and each other to their natural electric 
ftates, and the fmall diftance between them, they can ne>- 
ver effect it, without the interventioaof non-ele£tric con- 
ductors. 

2. I ftiall now fliew by other experiments, that different 
regions or ftrata of air may become charged, both pofi- 
tively and negatively, in the fame manner as the fides of 
the pane of glafs were in the foregoing; and that the 
effects of fuch charges are precifely the fame. 

Meffrs Wilkie and JEpinus at Berlin, having the hint 
naturally fuggefted to them by a previous courfe of experi- 
ments, endeavoured to give the electrical ftiock by means 
of air, in the fame manner in which it may be given by 
glafs; " in which after making feveral attempts (fays doc- 
" tor Prieftley*) they at length fucceeded, by fufpending 

'* large 

» Page 24J. 
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" large boards of wood covered with tin, with the flat fides 
*' towards one -another, and at fome inches afunder. For 
" they found, that upon eleftrifying one of the boards 
*' pofitively, the other was always negative. But thedif- 
" covery was made complete and indifputable by a perfon's 
*' touching one of the plates with one hand, and bringing 
*' his other hand to the other plate ; for he then received 
*' a fhock through his body exadly like that of the Ley- 
^' den experiment. With this plate of air, as we may call 
*' it, they made a variety of experiments. The two me- 
*' tal plates, being in oppofite ftates, ftrongly attracted one 
*' another, and would have rufhed together if they had 
*' not been kept afunder by the firings. Sometimes the 
*' electricity of both would be difcharged by aftrong fpark 
" between them, as when a pane of glafs burfts with too 
*' great a charge. A finger put between them promoted 
** the difcharge, and felt the fhock. If an eminence was 
" made on either of the plates the felf-difcharge would al- 
*' ways be made through it, and a pointed body fixed up- 
*' on either of them prevented their being charged at all." 
To the foregoing relation of the experiments themfelves, 
I fhall ftibjoin the conclufions drawn from them by the cu- 
rious electricians who made them, in the words of dodor 
Priejlley^ viz. " The flate of thefe two plates, they " (/F//- 
kie and Mpinus) " excellently obferve, juftly reprefents the 
*' flate of the clouds and the earth" (and perhaps of dif- 
ferent clouds at various heights one over another) " dur- 
*' ing a thunder florm; the clouds being always in one 
*• flate, and the earth in the oppofite; while the body of 
*' air between them anfwers the fame purpofe as the fmall 
" plate of air between the boards, or the plate of glafs be- 
*' tween the two metal coatings in the Leyden experiment. 
*' The phenomenon of lightening is the burfting of the 
*' plate of air by a fpontaneous difcharge, which is always 
*' made through eminencies, and the bodies through which 
" the difcharge is made are violently (hocked." 

As 
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As In the former experiment made with the pane of 
glafs, the charges, both pofitive and negative, refide in the 
glafs itfelf, and not in the coatings, thofe remaining after 
thefe are removed; fo in the latter, which is completely^ 
analogous to it, the charges are accumulated and refide in 
the air fituated between the boards, and not in their tin 
linings, which ferve only as conductors, to diftribute the 
fluid equally over, or to convey it equally from, the whole 
furface of air which is limited by, and in contadl with 
them, on either fide; whereby the whole of each furface 
may be equally charged at the fame time, or difcharged 
by the fame explofion. 

If twx) or more regions of the atmofphere, when free 
from vapors, become thus differently eledlrical in their 
ftate and capacities, which, that they may, from the heat 
and Gonfequent rarefaction in a fummer's day, we have al- 
ready feen, and perhaps from a variety of other caufes to 
us unknown; and if from the contrary currents of air 
which frequent'y take place at different heights, they 
fhould perchance become fituated one over or adjacent to 
another, like ftrata of minerals within the bowels of the 
earth ; what the metalline coating is to the pane of glafs, 
or the tinned boards to the plate of air in the laft experi- 
ment, the fame would clouds, formed and floating therein, 
be to thefe regions of air; the eledlric equilibrium between 
which might be reftored through their intervention, either 
by fpontaneous difcharges through the pure air between 
them in fevere flafhes of lightening or through the falling 
drops of rain> which in their fucceffive defcent form a chain 
of natural conductors between one region of the air and 
another, and betwixt each of them anc the earth ; the 
paffage of the ele(3:ric fluid through which would alfo be 
attended with lightening and thunder, but not fo fevere as 
when the difcharge is made through the pure air; the moft 
fatal lightening ufually preceding the fall of the rain. 

rt 
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It Is not uncommon, during the rife and progrefs of a 
thunder ftorm, to fee different fets of clouds, at various 
heights in the atmofphere, moving promifcuoufly in all 
direftions, as though they were impelled hither and thi- 
ther by contending winds; when probably the whole phe- 
nomenon arifes from the different electrical flates of the 
regions of the air in which they float; as they approach 
one or other of which, they are attraded or repelled, and 
move accordingly, communicating, receiving, or tranfmit- 
ting the eleftric fluid, to or from them refpeftively, as they 
may be either deficient of their natural quantity, or poffefs 
a redundancy of this fluid. And as in the experiment of 
MefTrs Wilkie and JEp'inus mentioned above, the two tin 
plates with the boards they covered, would have rufhed 
together had they not been kept afunder by the firings, fo 
thefe clouds floating freely in ^ir, and being at liberty 
to a£t upon every impulfe, gradually coalefce, refloring 
the electric equilibrium to the neighbouring atmofphere 
by repeated difcharges as they unite*; till at length they 
form one denfe mafs of humid vapors, which precipitating 
in a heavy fhower of rain, refrefh the thirfty foil, leaving 
the atmofphere above in a homogenous eledric ftate, calm 
and ferene. 

How thefe clouds are generated, formed, and adapted 
to thofe grand purpofes in the oeconomy of nature, is next 
to be confidered : In profecution of which inquiries I fhall 
fubmit the following obfervations to the candor of the 
reader. 

Whatever the immediate caufe of evaporation may be, 
it is certain that the fuperficial moiflure of all bodies is 
perpetually exhaling in vapors, which afcend into the 
higher regions of the atmofphere, where- they gather and 
are formed into clouds, and at length recondenfe, defcend- 

ing 

* It is certain that in moft thunder ftorms the flaflies of lightening are chiefly difcharged 
from cloud to cloud, ver^ few, and frequently none at all taking place between the cloud an«t 
the earth. 
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ing in dew, mift or ralil upon the furface of the earth from 
whence they fprang. 

Thefe vapors are either detached in ftreams from the 
humid ground by the influence of the fun, or thrown off 
by the perfpirations of thofe infinite muhitudes of animals 
and plants which cover the face of the earth*, or fupplied 
by evaporation, from the ocean, or other grand coUedions 
of water. 

Ignorant as we are of the nature of thefe operations, and 
of the manner in which they are performed, it is natural 
to fuppofe, that the vapors themfelves afcend in the fame 
eledlric ftate, whether pofitive, neutral or negative, with 
the fubftances from which they arife. Accordingly fignior 
Beccariat in making fome of his experiments, obferved, 
that " fteam rifing from an ele<Strified eolipile diffufes it- 
" felf with the fame uniformity with which thunder clouds 
»' fpread themfelves and fwell into arches, extending itfelf 
*' towards any conduding fubftancef." This ftream then 
was electrified as well as the eolipile from whence it pro- 
ceeded. The fea muft neceffarily be fuppofed, in common 
with the whole terraqueous mafs, to contain juft its natu- 
ral quantity of the electric fluid, and no more : We may 
therefore conclude that both the vapors which arife imme- 
diately from it, and the air which fuftains them, and from 
its fituation enjoys a more equable temperature, than that 
over the land, are in the fame ele6trical ftate with the fea 
itfelf, containing neither more nor lefs than their natural 
quantity. 

Confidering the vaft extent of the ocean, and the com- 
paratively fmall degree of moifture of which the dry land is 
fufceptible, we may conclude, that a very fmall proportion 
of the clouds which are formed in the atmofphere are ex- 
haled from the latter, and that the ocean is the grand 
fource from whence they principally derive their origin. 

M Our 

* See Hales' t vegetable ftatics, and Chambers's cyclopei, under the word, Perfpiration. 
f Piieftlcy's Hiftory, page 347. 
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Our fenfes accordingly convince us that the fea-air is al- 
ways replete with raoift vapors, even when its natural 
tranfparency is not in the leaft interrupted by them. 
Hence in a hot fummer's day, when the wind fuddenly 
Ihifts from weft to eaft, we immediately perceive a chill 
from the fea-breeze ; and fometimes long before the ther- 
mometer indicates a change in the temperature of the 
atmofphere. Thefe vapors, whea they firft arife from the 
fea, are generally fo nearly of the fame denfity with the 
furrounding and contiguous air, that the rays of light in 
pafling through them, undergo no fenfible change in their 
refradion; they are therefore at firft generally invifible, 
but when the weather is extreamly cold, and the air of 
confequence uncommonly denfe, they are always vifible, 
and appear like a fteam arifing from boiling water*. Not 
that vapors afcend moft copioufly in the coldeft feafons, 
which feems contrary both to reafon and experience; but 
that the different dcnfities of the air next the furface of the 
water, and of the vapors which afcend in it, render the 
latter vifible, by the irregular refraftions of the rays of 
light in pafling through them. For the fame reafon our 
breath is vifible in the winter, but not in warm weather. 

Let us now fuppofe the atmofphere, on a fummer's 
morning, to be all around in a homogenous ftate, as in- 
dicated by a cloudlefs fky and a dead calm. As the fun 
rifes on the eaftern coafts of America^ and warms and ra- 
refies the atmofphere eaft ward, the rarefied air naturally 
afcends, and a current of air as naturally flows thither from 
the oppofite quarter, which is but juft emerging from the 
cool fhades of night, to fupply its place. The confequence 
of which is a light wefterly breeze. As the fun afcends 
higher, the air over the land becomes heated and rarefied, 
both by the paflage of the fun's diredl and refleded rays 
through it, and by the reverberation of the heat acquired 

from 

• This is always the appearance in a clear, ftill morning, when the mercuiy in Farenheit'* 
therinometa- is at o, or below it. 
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from them by the furface of the earth ; till at length that 
wbole region of the atmofphere has its eledrical capacity 
enlarged, thereby becoming negatively ele£trifed, or in a 
craving ftate, as obferved before. On the contrary the 
fun's rays which fall upon the furface of the fea, efpecially 
when ruffled by wind, chiefly enter that tranfparent me- 
dium^ in which they are refracted and irrecoverably ab- 
forbed ; very few, comparatively, being reflected ; whence 
very little heat can be reverberated from that element to 
warm the incumbent air, which is fenfibly affected only by 
the paflage of the fun's dire£t rays through it, unlefs the 
weather be calm and the furface very fmooth*. Befides, it 
is colder at fea than afhore in the fummer feafon, when, and 
when only thunder fhowers are frequent, and indeed 
warmer in the winter, for the following reafon, viz. as the 
fea is every moment changing its furface.. neither heat nor 
cold can afFed it fo foon as they do the furface of the earth, 
which continues the fame. 

The air over the land, when thoroughly heated and ra- 
refied, naturally afcends into the higher regions, while the 
denfer air from the fea neceflarily flows in and takes its 
place. Hence, probably, the eafterly winds which ufually 
fpring up near the middle of the day, after a fultry 
morning. 

This body of warm air afcends till it arrives at that re- 
gion of the atmofphere in which thunder clouds are form- 
ed ; while the vapors which are wafted to the continent 
by the eaftern current, being attracted by this now fupe- 
rior air which demands a fupply of the eledric fluid, con- 

M 2 tinually 

* In a perfeft calm the furface of the fea aSs like a mirror upon the fun's rays, ftrongly re- 
verberating them back into the atmofphere, ■when the heat is as fenlible upon water as upon 
the dry land. But whenerer that furface becomes agitated and broken by the force of wind 
adling upon it, thofe rays^ by perpetually impinging upon an infinite variety of new formed, 
fiui5luating furfaces undergo innumerable refraflions, in all diredlions, whereby they are ab- 
forbed and loft within the fluid mafs in fome proportion to the violence of the agitation. Ac- 
cordingly when the weather is ferene and calm, the furface like a looking-glafs refleSs the phe- 
nomena of the Iky over head ; upon the firft fpringing up of a breeze it changes to a light blue, 
which deepens to a fine iky-blue as the wind rifes, to a deeper fea-green in a brilk gale, and to 
a fuUen blacknefs in a ftorm, excepting where the waves are interfperfed with white heads of 
foam, which, by contrail, only render the fcene more gloomy. 
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tinually afcend till they arrive at it, leaving the denfer air, 
with which they were firft connefted, behind. As thefc 
vapors move freely through and mix with air, they eafily 
infmuate themfelves between the particles of that fluid, 
and unite with it, whereby every particle of air which, 
from the caufes aforefaid, is become in any degree defti- 
tute of the quantity of eledric matter which is natural to 
it in its prefent ftate, may and will attract and attach to 
itfelf one or more particles of this vapor, and thereby fur- 
nifti itfelf with a non-ele£tric coating, and thus become 
qualified to receive from any neighbouring obje(3: fuch a 
fupply of the ele«Stric fluid as its ftate may demand. 

Thus provided, this body of air, together with the va* 
pors which are more or lefs attached to every particle of 
it, will conftitute a denfe cloud ; and as the air itfelf was 
before (by fuppofition) in a craving or negative ftate of 
eledkricity ; and as the vapors are prcfumed to have arifen 
from the ocean in their natural or neutral ftate, the whole 
body of a cloud formed by them will ftill he in a negative 
ftate, and thereby conftitute a complete thunder cloud ; 
which when formed, if uniform in denfity and contexture, 
ftiould it be attraded within ihejhiking dijiance from any 
©bje£t ftanding upon the earth, would have its eledlric 
equilibrium reftored at once by a fiafti of lightening dart- 
ing from the earth : Or fliould it pafs near another cloud 
in a different ftate, the flalh would reftore an equilibrium 
between the two clouds. 

That a body of air, either in a pofitive or negative ftate 
of electricity, while pure, £hould be incapable of commu- 
nicating its furplufage of the electric element to, or re- 
ceiving fupplies from the neighbouring regions, though 
in a contrary ftate ; and that the fame air, when replete 
with watery vapors, may be reftored to an equilibrium 
throughout its whole extent by an inftantaneous difcharge, 
may yet require fome further evidence before it be admitted. 

But, 
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But, as the particles both of air and vapor are feverally 
too minute to fall under our notice, 1 fliall endeavour to 
illuftrate by analogy what cannot be diredtly demonftrated 
by experiment. In order to this, I fhall firft give a ge- 
neral defcription of, and then fubjoin fome obfervations 
upon doftor Prieflley^s ele£trical battery. 

This battery confifted of fixty four cylindrical glafs jars 
fixed in a fquare box ; the jars were coated within and 
without with tin foil, and the floor of the box was cover- 
ed with the fame, whereby the outfides of all the jars 
formed but one continued electrical furface. In like man- 
ner, by means of fmall brafs bars extending over the 
mouths of the jars in their feveral ranges, and by wires 
which connected the feveral bars, together with others 
which delcended from them, communicating with the in- 
ner coating of each jar, their interior furfaces were fo 
connefted as to form, in the fame fenfe, but one furface. 
Thus conftrudted, the whole battery is capable of being 
equally charged in every part at the fame time, and of be- 
ing difcharged throughout by the fame explofion. 

Here I would obferve, that if, inftead of the metalline 
coatings, the jars were filled with water to the fame height 
with them, and were immerfed in the fame order in a 
fquare veflel of water to an equal depth, the bars and wire 
remaining as before, the fuccefs of all the experiments 
made with them would be the fame as above. Let then a 
battery be eonftruCled and charged in this form ; after 
which let the bars and wires aforefaid be removed, and 
the water contained in the jars be decanted off by glafs 
fyphons, and let the water be drawn off from the veflel in 
which they fl:and. It is evident from the experiment of 
the charged pane of glafs already mentioned, and other 
experiments recited in do<3:or Franklin's letters, that thefe 
jars will remain federally charged, as they were jointly 
before. They may now, when dry, be taken out and 
handled at pleafure with fafety ; nor can they be eafily re- 

ftored 



94 T H E O R Y OP 

ftored to their natural ftates, btit either by immerfing them 
fingly under water, or by replacing the whole apparatus 
and filling both the jars, and the box which contains them, 
with water as at firft, and introducing a metalline conduc- 
tor betwixt the water without the jars and any one of the 
wires which connect their infides ; then the whole will be 
inftantly difcharged with an explofion*. 

To apply thefe obfervations to the prefent fubje£t, we 
may regard every particle of a body of puref, but inci- 
dentally electrified air, in the fame light with one of the 
jars in the battery aforefaid, which, after having been 
charged, is deprived of its adventitious coatings : Each 
particle, like one of thofe jars, will retain the ftate it may 
happen to be in, fo long as it remains deftitute of a con- 
ducing appendage. But when, and by what means foever, 
a fufficiency of moift vapors fhall become interfperfed 
amongft thefe particles of air to furniih them feverally with 
non-ele£tric coatings, and by the nearnefs or contiguity of 
thefe vapors to form a communication from one to another 
throughout the whole, they will then be in the fame con- 
ne(9:ed ftate with the jars in the battery, when complete 
in every part, and charged ; and like thofe jars be the 
particles ever fo numerous, they will be in a capacity of 
jointly receiving or communicating the deStric fire. And 
as, by the addition of jars in the conftrudion of the bat- 
tery, the explofion at the difcharge may be increafed inde- 
finitely, fo will the violence of the explofion "from a thun- 
der cloud be increafed in proportion to its extent, and to 
the multitude of aerial particles together with their ap- 
pendant vapors of which it confifts, and which arefo con- 
neded as to be capable of uniting in the fame difcharge. 
But as a thunder cloud is not ufually formed at once, but 
by degrees, fmaller clouds generally forming themfelves 

in 

* Thefe experiments I never faw particularly made, but the concluC«ns neceffarily follow 
from fome whidi I have feen, as well as from thofe pointed out above. 

•f- Pure as to the purpofes of elearicity, or free from conduiSing vapors ; perhaps pure el«- 
mentary air is not to be found in our atmofphere. 
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in fepar ate parties before they join the main body j and as 
the eledrical ftates of thefe clouds may be very different 
from each other, from the different electrical flates of 
thofe parts of the atmofphere in which they gather ; the 
general equilibrium of the atmofphere over a country can- 
not be reflored by a fingle difcharge, but fuccefUve flafhes 
will dart from cloud to cloud, and betwixt thefe and the 
earth, till at length the whole coUeded mafs of vapor is 
fpent and diflblved in rain. 

Here a common obfervation naturally occurs, viz. that 
frequently after a flafh of lightening a fudden fhower de- 
fcends in large drops. The mutual attradion between the 
vapors and the air, when in this ele£trical ftate, is fuffici— 
ent to fuftain the former, notwithflanding that they are by 
this attraction greatly condenfed, being as it were forced 
into a phyfical contadt, both with the particles of air, and 
with each other*. But as foon as the air is reltored to its 
natural eledric flate by a flafh of lightening, this attradion 
ceafes, and the vapors precipitate by their own fpecific 
gravity in a heavy fhower. 

Long and extenfive calms, in certain latitudes and fea- 
fons, take place upon the ocean, during the continuance 
of which, the heat is fcarcely tolerable. (See note, page 9 1 .) 
Where thefe take place the air will naturally undergo the 
fame changes, in its denfity and eleCtric capacity, as the 
air over the land does in the fummer feafon, and, when 

fufficiently 

* A gentleman of my acquaintance, who is both intelligent and curious, informed me fome 
years Cncc, that he was once upon the top of a mountain in Spain, upon which a thunder cloud 
gathered ; that as foon as the cloud became infulated from the mountain it difcharged a vio- 
lent tempeft of thunder and lightening upon the plains below ; that he never was f6 thorough- . 
ly foaked in the moft violent mower ai when in. the body of this cloud, though without a drop 
of rain, feeling as if he had been immerfed in a river, f his idea is further juftified by the fo- 
lid appearance of the clouds that rife in the wsft on a hot fummer'J day, compaied with thofe 
which float in the atmofphere at other feafons ; which fhews a manifefi difference in their den- 
fity and contexture ; And when we obferve attentively the feveral parts of a thunder cloud, the 
diftin6lnefs of their borders and their fwelling furbeloes; how ftrongly they refledl the rays of 
the fun, thereby exhibiting the moft vivid lights and deep contrafting ihades; and on the other 
hand obferve the beautiful effefts of their refra&ive power in the intenfe golden Ikirts which 
adorn the rifing cloud with a.fetting fun behind it ; we muft neceffarily conclude, that, al- 
though the vapors of which fuch clouds confift are colle6led and condenfed in higher regions of 
the atmofphere than are thofe which ufually form clouds at other feafons, yet their denfity and 
pacific gravity is much greater ; and they derive their lupport from the eledric principle. . 
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fufficiently heated and rarefied, will in like manner afcend, 
its place being fupplied by the denfer air from all quarters 
without the limits of the calm. This heated and confe- 
quently (granting the principles of the prefent theory) 
eleiStrical air, when raifed to a certain height in the at- 
mofphere, may become as well adapted to the formation 
of a thunder cloud, from the vapors which are perpetual- 
ly exhaling from the fea, as the air over the land under 
the like circumftances. "Wherefore, in fome latitudes in 
all feafons, and perhaps in all latitudes in different feafons 
of the year, thunder ftorms may as well happen at fea, 
even at remote diftances from land, as afhore. 

I now proceed to confider an objection which may be 
raifed againft the foregoing theory, which I fhall firft ftate 
in its full force, and then endeavour to give a fatisfa(Sory 
anfwer to it. 

ObjeSiion. If the eledrification of that body of air in 
which a thunder cloud is formed depends upon the heat 
it has previoufly acquired, whence is it that thunder ftorms 
are frequently attended with fhowers of hail, which hail 
is fometimes fo large as to indicate its defcent from the 
coldeft regions of the atmofphere ? 

Anfiver. Sir Ifaac Neivton aflerts from experiments of 
his own, that " the denfity of the air in the atmofphere of 
*' the earth is as the weight of the whole incumbent air." 
Confequently the air gradually decreafes in denfity from 
the furface of the earth to the top of the atmofphere. The 
body of air which is fuppofed in this theory to be qualifi- 
ed by the adion of heat upon it, to become a proper fub- 
Jlratum for the formation and fupport of a thunder cloud, 
is thereby expanded and rarefied, and thence becomes fpe- 
cifically higher than it was before: It therefore afcends 
till it arrives at that height in the atmofphere at which the 
air is naturally, from its fituation, of the fame rarety with 
itfelf ; and there it refts in equilibrio. This region is ex- 
treamly cold at all feafons, as appears from the teftimonics 

of 
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of travellers who have vifited the tops of very high moun- 
tains, even under the line. The greater the heat which 
this body of air acquires below, the greater degree of ra- 
refaction it undergoes, and the higher, of <:onfequence, it 
afcends in the atmofphere, where the cold is proportion- 
ably more fevere than is ufual near the fnrface of the earth. 
But though it was the heat which it acquired below that 
firft rarefied and expanded it, it will by no means be pro- 
portionably recotidenfed by the cold which it meets with 
in its afcent ; for as the heat which occafioned its rarefac- 
tion decreafes upon that account, the prcflurc of the in- 
cumbent atmofphere upon it decreafes as it rifes, whereby 
its denfity may, upon the whole, remain nearly the fame ; 
if fo, may we not fuppofe its eleftrical ftate alfo, previous 
to the formation of the cloud, to continue nearly the fame ? 
For fhould this warm air afcend all together as in a body, 
without intermixing with the denfer furrounding air through 
which it rifes, as a bubble of air does in any other fluid, 
and as this air probably would in a calm feafon, the den- 
fer parts of the atmofphere eafily giving way to it, till it 
arrives at that region the denfity of which is equal to its 
own, where it would be at reft ; fhould this, I fay, be the 
cafe, it would not, even in that cold region, cool fo fud- 
denly as to undergo any immediate change in its electrical 
ftate, from the natural coldnefs of the region ; neither 
would it be from condenfation, its denfity remaining nearly 
the fame, as dbferved above. 

But when the cloud is formed, or rather when a number 
of clouds are forming in the neighbourhood of each other> 
and joining their forces preparatory to the tcmpeft, a ge- 
neral confufion takes place in the atmofphere; various and 
even contrary currents of air flowing promifcuoufly hither 
and thither, as is evident from the vifible irregular moti- 
ons of detached parts of the clouds. In this general effort 
of nature to reftore an equilibrium, fome of thefe aerial 
currents will probably introduce air, which having been 

N till 
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till now at a diftance from the fcene of adlion, has fuflered 
no material chang'e in its natural eledlric ftate* ; and is on 
the contrary fraught with all the cold which is natural to 
the region of the atmofphere from whence it came. In 
falling through this adventitious current of air, the drops 
of rain, precipitating from the body of clouds above, are 
congealed into ice, and defcend in hail, which as it falls 
colleds other fnowy or icy particles round it j a hail-ftpne 
when it comes to the ground refembling denfe fnow with 
a nucleus or kernel of folid ice in the middle. 

That the air which this hail-ftone falls through is cold- 
er than the region from whence it defcends, may be thus 
proved, viz. If the freezing took place where, and as foon 
as the vapors were firft fet at liberty by a flafh of lighten- 
ing, it would be impoflible for them ever to unite into 
drops, but they muft defcend in the fineft chryftals, an 
aflemblage of which conftitutes a flake of fnow ; the nu- 
cleus, or proper hail-ftone then muft have been firft a fluid 
drop, and afterwards congealed in its fall through a colder 
region than that in which it was formed. 

It may be further objeded, that a thunder cloud, in the 
eaftern parts of America, always makes its firft appearance 
in the weft, over the land, its progrefs being toivards the 
fea; which feems to contradidt the fuppofition in the the- 
ory, that the vapors of which it confifts are chiefly fuppli- 
tdifrom the fea. 

To which I anlwer, i. That a thunder cloud is with us 
very rarely, indeed fcarcely ever formed in the weft, with- 
out a fea-breeze fpringing up previoufly from the eaft, 
2. That the fea air, as obferved before, always abounds 
with vapors, although from the caufes already afligned, 
they are ufually, at their firft rifing, invifible. 3. That the 
firft appearance of a cloud will always be where the vapors 

are 

• This fuppofition will be juftified ty conCdering, that fuch is frequently the ftate of the 
atmofphere, that the thunder clouds which are formed in it are but of fmall extent; notwith- 
ftanding which, the change in the fUte of the air occalioned by them is perceived to the dif- 
tance of many leagues round. 
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are firft colle£ted into a body and condenfed, and thereby- 
rendered vifible, which in a thunder cloud will be in the 
weft, notwithftanding the vapors of which it confifts may 
chiefly have arifen from the fea. 4. That when a thunder 
cloud is once formed it will be in a ftate of attraction with 
the earth in general, and more efpecially fo with all fub- 
ftances which are natural conductors of the eledlric fluid, 
fuch as the water contained in rivers, bays, arms of the 
fea, &c. and by thefe the courfe of a thunder cloud is 
known to be very fenfibly afFedted. 

But the ocean is the grand objedt towards which its 
courfe will be dire(3:ed; accordingly the progrefs of the 
clouds is from the weftern horizon, eaftward, be the wea- 
ther below what it may, not excepting the moft violent 
eafterly ftorms, which are fometimes, though but rarely, 
accompanied with thunder and lightening. 

To the foregoing obfervations I would add, 5. That 
when an extenfive thunder cloud is forming in the atmof- 
phere by means of the mutual attraction of the conden- 
fmg vapors, and the body of eleCtrifed air which fuftains 
and condenfes them, the increafmg denfity of the whole 
compound mafs of air and vapor will, by degrees, occafion 
its redefcent towards the earth, from the law of gravity ; 
it will alfo be attracted by, and move towards the ocean, 
upon the principles of eleCtricity ; the cloud will then de- 
fcend obliquely, in a diagonal between the directions of 
thefe two powers; and both, continually aCting upon it, 
will jointly accelerate its motion. Such a cloud, if denfe 
and large, would end in a perfeCt tornado, either upon the 
land or water, as thunder (bowers frequently do; fmaller 
clouds being alfo, ufually, accompanied with gufts or 
flurries of wind. 

I fhall here add one obfervation more which I have fre- 
quently made, and which may tend to confirm the fore- 
going theory, viz. That as the general courfe of the eaftern 
coaft of north America is from north-eaft to fouth-weft; 

N 3 the 
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the courfe of a thunder cloud is ufually from the north- 
weft, with the wind at fouth-eaft, perpendicular to the di- 
rection of the coaft, and contrary to each other. 

Inland feas and great lakes, fuch as are thofe in North- 
America, may anfwer the fame purpofes in the interior 
parts of the country, as the ocean does near the limits of 
the continent ; both by affording the neceffary fupplics of 
vapors for the formation of the clouds, and by their attrac- 
tive influence upon thofe clouds when formed. 

I now conclude with a few hints, which I fhall throw 
into the form of queries. 

1 . Whatever the primary caufe of evaporation may be^ 
does not the formation of vapors into diftindt clouds de- 
pend upon the electrical ftate of the atmofphere ? 

2. Were the atmofphere always uniformly eleCtrical 
could we have any rain*; in that cafe, if evaporation be 
performed independent of eledricity, fhould we not be 
invelloped in everlaifting fogs ? 

3. Mr. Canton fuppofes that the aurora horealis may be 
** the flafhing of eleftric fire from pofitive towards nega- 
" tive clouds, throughout the upper part of the atmof- 
" phere." But as the air is ufually charged more or lefs 
with vapors, even when perfectly pellucid ; and as the 
moft remarkable aurora frequently appear without a cloud 
in the hemifphere, may not this phenomenon be rather 
occafioned by the *' flafhing of eleClric fire," from one 
region or body of air to another in a different ftate of elec- 
tricity, through the intervening vapors ? 

4. May not the reafon of its ufual appearance in the north 
and of its flafhing fouthward be, that, in every northern 
latitude, the air to the fouthward is at all. feafons of the 
year, ceteris paribus, more affeCted by the heat of the fun 
than the ait northward of the fame latitude; and does not 
this occafion an eledrical current to flow from north to 

fouth., 

* Signior Beccaria concludes from experiments, that gentle rains are the effeds of a moderate, 
as thunder fliowers are of a more plentiful, eleflricity. 
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fouth, fo often as the above mentioned circumftances con- 
cur, though with fome interruption from the irregular dif- 
pofition of the conducing vapors; and may not this occa- 
fion thofe gleams and ftreams with which this phenomenon 
is ufually attended I 



N° VIU. 

Theory of Water Spouts^ by Andrew Oliver, EfquirC', 
of Salem in the State of MafJ'achufetts. 

IN ray laft I took the liberty to communicate to the Phi- 
lofophical Society a Theory oi Lightening and Thunder 
Storms^ which was fuggefted to my mind upon the peru- 
fal of dodor Priejiley^s hijiory of eleSiricity. In the in- 
veftigation of which theory, while I was endeavouring to 
account for the exhibitions of thofe phenomena upon the 
ocean, at great diftances from the land, fome thoughts na- 
turally occurred relative to the ivater fpout ; a phenome- 
non as curious perhaps as any one in nature, and which 
can rarely take place but at fea. 

Water spouts have by fome been fuppofed to be mere- 
ly eledrical in their origin; particularly by liigmor Beccaria, 
(Priejileyh hift. of ele£t. p. 2,35^ 33^) who feems to have 
Supported his hypothefis by fome experiments. But as 
feveral fucceffive phenomena are neceffary to conllitute a 
complete water fpout, (fome of which undoubtedly de- 
pend upon the electric principle) if we attend to the moft 
authentic deforiptions of thefe fpouts, through their vari- 
ous ftages, from their firft exhibition to their total diffipa- 
tion, we (hall be obliged to have recourfe to fome other 
principle, in order to obtain a complete folution. I fhall 
therefore, ^r/?, defcribe thefo phenomena according to the 
beft obfervations I have met with j and then, endeavour to 

give 



